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1 
This invention relates to the detection of la- 
tent flaws in rail by passing an inductive pickup 
over the rail after if bas been energized to pro- 
duce characteristic magnetic conditions in the 
vicinity of such flaws. Obviouily, any attempt 
to distinguiih between true fissures and incon- 
sequential non-fissure defects in the rail by the 
differences in their magnetic flelds, must start 
with the pickup itself, since the amplifying and 
recording apparatus can be no more accurate 
than the pickup used to produce the voltage 
waves induced from the movement through the 
magnetic fleld. 
During the process of energizing the rail, hot 
only are magnetic flelds set up about the flaws, 
but flelds are also set up about other non-tin- 
portant defects. The latter defects are hot 
herently dangerous t0 the operation of traini 
over the rail,- and consequently there il no 
cessity of making a-ecord of their presence. If 
the pickup can make some form of discrimina- 
tion between the type of voltage wave produced 
when a flaw il traversed and that produced when 
a non-imp0rtant defect il traversed there is af 
least a possibility that electrical apparatus can 
be devised fo separate the flaw voltage wave from 
the othes. If the pickup does not so discrimi- 
nate, the separation of fissure waves is impos- 
sible. 
The principal object of the present invention 
il to produce a voltage wave from the magnetic 
fleld about a flaw, which iæ electrically identi- 
fiable from the wave induced as a non-important 
defect ii traversed. A number of characteristics 
of the vave may be used in making the identi- 
fication; and when the voltage wave from the 
pickup iæ found to have these characteriætici, it 
will bereasonably accurate to assume that a fis- 
sure, rather than a non-important defect, ii 
present. The characteristicæ include: (a) at 
least- a certain minimum strength; (b) a prede- 
termined polarity (initial polarity if it is a duo- 
polarity type of pickup); and (c) a frequency 
substantially corresponding to a predetermined 
standard. 
The tests used to establish theie characteris- 
tics wiïl..probably not eliminate joint indications, 
for a-joint, in reality, ii.a large fissure, and the 
m.agnetic .flelds about a joint are similar t0 a 
fissure except that they- are milch stronger and 
arè somewhat more el0ngaFed because of rail- 
end:separati0n  In moStinstancei it iæ desirable 
to-record joints, as it affords .method for 
trmining.the 10cationofthe:flssure from the 
record ruade On the tap.  
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Since the joint fleld ii so much itronger than 
that about a fissure, the wirei Fraversing a fleld 
tend fo generate a proportionately stronger 
voltage as it is traversed. A second object of 
5 the invention, therefore, is Fo provide a pickup 
which will decrease Fhe difference in sFrength 
between that of a fissure signal and Fhat of a 
sFrong joint signal, to thereby lessen Fhe possi- 
bility of saturaFing the amplifier with a joint 
10 siinal and preventing Fhe identification of a sig- 
nal from a nearby fissure. 
Additional objecFs and advanFages of the in- 
vention will become apparent from the follow- 
ing description taken in conjunction with Fhe 
15 drawings, in which 
Fig. 1 is a perspective view of the type of pickup 
used in identifying the characteristicæ of the 
magnetic fleld about a magnetized fissure; . 
Fig.  is an illustration of the type of voltage 
20 wave produced as the pickup of Fig. 1 traverses 
the magnetic fleld about a fissure; 
Fig. 3 ii an elevation of the head of a rail, il- 
lustrating diagrammatically the type of mag- 
netic field that is believed to exist about a mag- 
25 netized fissure; 
Fig. 4 iæ an elevation of the heads of tw0 rails 
at a joint and illustrating diagrammatically the 
type of magnetic fleld that is believed to exist 
at a magnetized joint; 
Fig. 5 iæ a perspective view of a single coil 
30 pickup embodying the present invention posi- 
tioned over a rail head; 
Fig. 6 iæ a section taken at line 66-of Fig. 5; 
Figs. , 8 and 9 are voltage wave diagrams 
used to explain the operation of the pickup of 
35 Fig. 5; 
Fig. 10 is a perspective view of a double coii 
pickup embodying the present invention posi- 
tioned over the head of the rail; 
Fig. 11 is a-section taken at line  --  oflFig. 
40 10; .and 
Fig. 1 is  diagram of the type of voltage wave 
produced by the pickup of Figs. 10"and 11. " 
One of the difficulties in seeking to locate 
fissures in rail by energizing: Fhe rail and then 
45 
searching for thê magheFic fleld abou the fis- 
sure is Fhat in dealing wiFh.magnetic flelds one 
is confronted bY the intangibleness of Fhe sub- 
ject matFer. None of the human senses-will 
50 give one an idea of the size,, shape,eFc, of "Fhe 
magneFic field It cannot be seen nor felF: 
is oniy th-e effects of the magnetic fleld .that 
make its presence known and. are capable of 
ascertainment.. For this reason, there bas been 
much fumbling-about in an effort.to determine 



the best type of flav¢ detection pickup fo be used 
fo identify the magnetic fie!ds characteristic of 
fissures and to differentiate those flelds in terres 
of electric voltage characteristics from the fields 
surrounding energized non-fissure defects. 
Thrcugh the use of a pickup 2S, such as shown 
in Fig. 1, !have discovered a very significant 
characteristic of the magnetic field about a 
magnetized fissure, and this discovery mas 
abled me to create pickuD coils which are capable 
of differentiating between fissures and non-fis- 
sure defects with an unusually high degree of 
accuracy. 
A coil passed through a magnetic field will 
hot give a true picture of the characteristics 
of the field because by the very fact- that the 
coil bas dflmensions, the different portions of 
he windings will be in doEerent parts of the 
magnetic field at the saine-instant and, there- 
fore, will be diversely affected. Since only he 
total of the individual responses at various por- 
tions of the coil will appear in the output signal 
of the pickup, it is extremely diflicult to ascer- 
tain what the. effect of the magnetic field (and, 
thus, the characteristics of the field ata par- 
ticular point or sertes of points) fs on a single 
portion of the coil. By using a single wire cut- 
ring through the field the dimensional efiect 
is reduced to a minimum, and the best obtain- 
able picture of the field in terres of output volt- 
ge will be obtained. 
IKowever, unless the magnetic field is con- 
siderably stronger than that about a fissure in 
a rail, the voltage generated in the wire is so 
small that it fs impractical for use in determin- 
ing the shape of the produced voltage wave. 
As the best possible compromise, I bave used 
experimentally a cofl, generally -0, in which the 
sides 2J, 22 and 2S were so far removed from 
testing sde 24 that they were substantialiy 
affected by the magnetic field. Thus, the volt- 
age outpu of coil  was substantially only the 
voltage generated by side 24 in passing through 
the magnetic field. As a further step in elimina- 
ring the d]rnensional effect of the coil, the size 
of. side 2, asmeasured longitudinally of the 
rail (parallel to the line of movement) was kept 
as nearly as possible to the thickness of one 
strand of wire. 
The testing procedure included connecting the 
coil fo the amplifier which, in turn, was con- 
nected to an oscfiloscope. A movin picture 
camera .was used to make a continuous record 
of the pattern on the oscilloscope. Upon moving 
the coil through the magnetic fie!ds about a 
number of different types and sizes of fissures, 
I-round that the voltage generated woLfld in- 
variably be of the configuration illustrated i 
Fig. 2. By carefully checking the speed of travel 
of the pickup and the speed of travel of the film 
through the camera it was round that-the dimen- 
sion "A" of Fig. 2 was  of an inch. The char- 
acteristic fs of extreme importance, for no mat- 
ter what the size òr the. type of the fissure might 
be; the dimension-"A » remained substantially 
 on an inch. This indicates that as the wire 
traverses the field, a maximum number of mag- 
netic lines of force will be initially cut by the 
wre when the wire cornes within  of an inch 
of being vertically o/er the fissure, and a similar 
situation is again encountered when the wire 
has passed  of an inch beyond a position di- 
rectly over the fissure. Furthermore, with a 
giron type of magnetizatin, the initial pulse 
2 of the voltage wave wfll always be of a giron 
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polrity and, of course, will be followed by 
pulse  of the opposite polarity. 
»-Tom the voltage curve of Fig. 2 it fs postu- 
lated that the magnetic field about a fissure must 
5 have somewhat the appearance of that filus- 
trated in Fig. 3. The spacing of the lines of Fig. 
3 fs intended to illustrate the concentration of 
the magnetic lines of force. If wfll be observed 
that, if the wi-e travels through the field of 
I0 Fig. 3 îom one side to the. other along a line 
such as is indicated at 28, the pickup will gradu- 
ally cut an increasing number of lines of force 
until it reaches a point slightly ahead of a po- 
sition directly above the fissure. As bas pre- 
15 viously been explained, the distance between 
those two points fs 9 of an inch. From there 
onto a point  of an inch beyond the fissure, 
the wire will be threading the majority of the 
lines of force, and, as a result, the voltage wave 
.o 0 drops off very sharply and equally rapidly 
creases to a maximum in the opposite direction 
when the wire bas moved to a point  on an 
inch beyond the fissure. 
When the wire traverses a magnetic field that 
25 fs more elongated than that about a fissure, the 
distance "A" of Fig. 2 will increase because 
wire will be threading the loops at the center 
of the field for a greater distance at the center 
of the field. Fig. 4 illustrates a pair of mag- 
30 netized rail ends having a slight separation be- 
tween them. Thre is no attempt to correlate 
the illustrated strengths of the fields of Figs. 3 
and 4. Obviously, the strength of the rail end 
field is much greater than that about a fissure. 
35 It wi!l be seen that if pickup 20 travels over the 
joint along a line 28, it will be traveling parallel 
to (or threading) the lines of force af the conter 
of the joint and wfll cut a maximum number of 
lines of force some distance to either side.of the 
40 center and will produce a oltage wave having 
a peaked dimension "A" of greater length than 
 of an inch. Other types-O f elongated fields, 
such as those surrounding burns, corrugations, 
etc., wfil create diverse patterns of voltage waves. 
45 Figs. 5 and 6 illustrate a.form ofa single, coil 
pickup, generally Si, which I hav.e devised to 
take advantage of the foregoing characteristics 
of the magnetic field about fissures. Pickup 
consists of a coil $2 wound on a non-magnetic 
0 bobbin S, a pair of Ushaped. cores $4, each 
having one leg projecting- within the central 
opening of bobbin SS and the other leg pro- 
jecting downwardly af aside of c0il 
Pickup S is so proportioned that the mean 
 width between the sides of the coilwindings, as 
measured parallel to the line of movement of the 
coil over rail head $6, which - distance is illus- 
trated by the measurement "B" in Fig. 6, fs sub- 
stantially  o an inch. Vile the  of an 
60 inch length is the theoretical optimum, some 
slight variation above and below this figure fs 
possible without grealy imPairing the operation 
of the-pickup. To obtain the best results the 
length of "B" should hot be less than s/s of an 
6 inch, nor larger than s/ of an inch. 
Figs. ï, 8 and 9. have been drawn, to ilustrate 
what is-believed tobe the action of pickup.S. 
Assume ..that pickup  ! consists- of/a. singl e. loop 
of wiré, i$.ad of a plur.alitY .o.f loo!0s,, the. two 
70 sides of. which toop are sp_aced a distance. "B" 
apart. As the.iirst of said two sides traverses 
the magnetic field above a fissure» a voltage wave, 
as illustrated in Fig. ï, and consisting of an ini- 
tialpuise . and  al.second pse 2. of opposite 
75 polarity, fs produced. Asçhe. other side oï the 
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single lo0p traverses.thë magnetic fleld, there is 
produced the voltage wave-of Fig. 8, hich con- 
sists of an initial pulse 43 followed by a second 
pulse 44. The like ends of the first and second 
sides of the loop will have induced potentials Of 
like signs, but since the two sides are connected 
to the external circuit in the reverse of each 
other, the initial pulses al and 3 will appear 
to the external circuit as being of opposite 
polaritF. 
Fig. 9 illustrates how the voltage waves of Figs. 
ï and S are combined to produce a composite 
 pulse which is transmitted from the loop to the. 
external circuit. Pulses 2 and  of the saine 
polaritF combine to produce a large single pulse 
46, which is preceded and followed by two con- 
siderablF, smaller pulses 7 and 48, respectivelF, 
of the 0pposite polarity. Due to the dimensional 
effect of a winding 2 of pickup l, small toops 
ï and 48 are actuallF hot apparent in the output 
of pickup l, and an amplifier and an oscillo- 
scope connected to the output leads of 81 reveals 
onlF a single, large pulse 8 as the pickup trav- 
erses a magnetized fissure. With a given mag- 
netization pulse 8 wilt be of a predeterminable 
polaritF. 
Since the peaking effect of pulse 8 was ob- 
tained from the composition of pulses 42 and 43 
based on a spacing of substantiallF  of an inch, 
the saine peaking wili hot be obtained when the 
pickup traverses magnetic fields wherein the con- 
centration of the maximum number of magnetic 
lines of force is round tobe spaced at distances 
substantiallF greater than  of an inch. For 
this reason, coil 2 of pickup 31 is remarkablF 
effective in differentiating in terres of output 
voltage between the magnetic fie]ds character- 
istic of fissures and those of nonNfissure defects. 
It will be noted that the spacing "B" bas been 
assumed fo be slightlF less than  of an inch 
as indicated bF the fact that the peaks of 
pulses 42 and 3 in Fig. 9 are hot coincident. 
EmpiricallF it bas been round that if the mean 
width "B" is approximatelF  of an inch, the 
discriminatorF performance of the coil-and am- 
plifier is slightlF better than itis at the theo- 
reticallF optimum of  of an inch even though 
at the latter figure the peak voltage of the wave 
is ata maximum. BF the saine processit bas 
been round desirable to have the mean width 
of the core 34 (as illustrated bF the distance "C" 
of Fig. 6) a distance of  of an inch. It will 
be noted that the latter distance is equal to the 
horizontal distance from the fissure to the point 
of maximum concentration of lines of force of 
the magnetic field. 
BF waF of specificexample, a pickup to be used 
in covering all of rail head 8 maF be ruade bF 
winding 10000 turns of No. 4. enameled wire on 
a bobbin which is . /4 inches long,  inch high, 
and having an internal opening of 1/4 inches. 
Cores 34 consist of six laminations of 0.014 inch 
high permeable iron. 
Figs. 10 and ll illustrate an embodiment of 
the invention wherein the output voltage wave 
is of double polaritF rather than the single polar- 
itF wave produced bF pickup 31. In this form 
the pickup, generallF 8, comprises a pair of coils 
5 and 5 wound on non-magnetic bobbins 9. 
An inverted -shaped core 8 of high permeable 
material interconnects the twÓ colis  and 8 
with either leg of tlqe core projecting wittiin the 
central opening - of he two bobbins 9 respec- 
tivelF. " The windings, of the two cofls  and 8 
are connected in series opp0siion. To determiné 
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 whether or not the proper connection has been 
made a battery may be attached to the two ex- 
ternal leads 82 and 8S, and if the connection is 
proper, the two legs of core 8 should be of oppoJ 
5 site polarity. 
Fig. 12 illustrates the generat configuration of 
the voltage wave produced by pickup 8. The 
wave consists of two impulses 88 and 8 of oppo- 
site polarity, and each having somewhat the saine 
10 general configuration as impulse 48 from pickup 
SI. With a given magnetization of the rail, the 
polarity of the initial pulse 88 wili always be the 
same. 
While the data obtained as to the concentration 
15 of the lines of force of the magnetic field about 
a fissure has been extremely helpful in determin- 
ing, generally, the range of size for a pickup if 
it is to be most effective in responding to the 
fissure field, Fer it has been round empirically 
20 that a double coil pickup of the type illustrated 
in Fig. 10 is not the most effective, when the coil 
windings are formed at that theoreticallF opti- 
mure size. I have round that in a pickup in which 
the Cofls are somewhat smaller than that optimum 
25 size, better results can be obtained. If the mean 
width of the coils as measured parallel to the line 
of movement of the double coil pickup along the 
rail, which width is indicated ai "D" in Fig. 11, 
is  of an inch with the mean width of the two 
30 sides of pole piece 8 being approximatelF ï of 
an inch, the performance of the pickup is highly 
effective for use with an amplifier in discrimi- 
nating between the magnetic fields about fissures 
and those about non-fissure defects. The reason 
35 for the seeming reversal in sizes between those 
of the windings and those of the core between 
the sizes for a single cofl pickup and those of the 
double coil pickup is probablF to be round in the 
inter-action that is obtained between the two 
0 cofls of the pickup 8 due to their proximitF and 
linkage bF core 
It is well known that a change in the amount of 
flux threading the core of a coil will induce a 
voltage in that coil. It maF be that in the double 
coil pickup the threading theorF will more nearlF 
45 account for the action of the pickup. The spacing 
of the pole pieces in pickup 8 is substantiallF 
 of an inch, and this might appear to be 
significant in view of the spacing of the maximum 
concentration in lines of force above the fissures 
50 in rafis. 
The terre "fissures" is intended to include not 
only those cleavages which originate internallF of 
the rail, but also those sometimes termed "de- 
tafled fractures" which maF originate on the sur- 
5 
face of the rail. These are differentiated from 
"non-fissure" defects such as burns, gags, corru- 
garions» etc. 
The choice of particular embodiments of the 
60 invention for specific illustration and description 
is merelF a compliance with Section 4333 of the 
revised statures» and should not be construed as 
imposing unnecessarF limitations on the 
pendd ctaims. 
65 I claim:. 
1. A pickup of. the_ type adapted.to be moved 
alng  line longitudinallF of the surface of a rail 
for the detection of fiaws therein, said pickup 
including a coil formed about an axis normal to 
0 the surface of the rail with an opening in the 
center of-the coil, sai d cofl being wound with 
the mean width between the sides of the Cofl 
windings as measured parallel to the line of more- 
ment being not greater than % of an inch.and 
5 not tess than  of an ,inch» andacore .within  
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said opening forming a high permeability pth 
through the coil. 
2. A pickup of the type adapted tobe moved 
along a line longitudinally of the surface of a 
rail for the detection of flaws therein, said pickup 
including a coil formed about an axis normal to 
the surface of the rail with an opening in the 
center of the coil, said coil being wound with 
the mean width .between the sides of the coil 
windings as measured parallel to the line of move- 
ment being substantially  of an inch, and a 
core within said opening forming a high perme- 
ability path through the coil. 
3. A pickup of the type adapted tobe moved 
along a line longitudinally of the surface of a 
rail for the detection of flaws therein, said pickup 
including a coil formed about an axis normal 
to the surface of the rail with an opening in the 
center of the coil, said cofl being wound with the 
mean width between the sides of the coil wind- 
ings as measured paralle] to the line of movement 
being hot greater than % of an inch and not less 
than % of an inch, and an inverted U-shaped 
cote having a high permeability, one leg of said 
core being received within said opening. 
4. A pickup of the type adapted tobe moved 
along a line longitudinally of the surface of a rail 
for the detection of flaws therein, said pickup 
including a coil formed about an axis normal to 
the surface of the rail with an opening in the 
center of the coil, said coil being wound with the 
rnean width between the sides of the coil wind- 
ings as measured parallel to the line of movement 
being substantially ,-% of an inch, and an inverted 
D -shaped cote having a high permeabflity, one 
of said cote being received within said opening. 
5. A pickup of the type adapted tobe moved 
along a line longitudinally of the surface of a rail 
for the detection of flaws therein, said pickup 
including a pair of coils positioned adjacent to 
each other along the line of movement and con- 
nected in series opposition, each of said coils 
being formed about an axis normal to the surface 
of the rail with an opening in the center of the 
coi!, each of said coils being wound with the 
rnean width between the sides of the coil )vindings 
as measured parallel fo said line of rnovement be- 
ing not greater than sA of an inch and hot less 
than % of an inch, and an inverted U-shaped 
core, the two legs of said cote being received 
vithin the openings of the two coils respectively 
thereby forrning a high permeability path through 
each coil. 
6. A pickup of the type adapted tobe moved 
along a line longitudinally of the surface of a 
rail for the detection of flaws therein, said pickup 
including a pair of coils positioned adjacent to 
each other along the line of movement and Gon- 
nected in series opposition, each of said coilsbe- 
ing formed about an axis normal to the surface of 
the rail with an opening in the center of the coil, 
said coils being positioned with the distance be- 
tween the axes of the two coils as measured 
para!lel to said line of movement being not less 
than % of an inch and not greater than sA of 
an inch, and an inverted U-shaped Cote, the 
two legs Of said cote being recelved Within the 
openings of the two coils respectively thereby 
forming a higli permeability, path through each 
cofl. 
7. A pickup of the type adapted tobe moved 
along a line longitudinally of the surface of a 
rail for the detection of flaws therein, said pick- 
up including a coïl formed-about an axis normal 
to the surface of the ràiÏWith an opéning in the 

- center of the coil,said coil being wound wlththe " 
mean width between the sides of the coil wind- 
ings as measured parallel to the line of move- 
ment being not greater than % of an inch and 
5 not less than % of an inch, and a pair of inverted 
U-shaped cotes, one leg of each of said cotes be- 
ing received within said opening and with the 
other leg of each of said cotes being adjacent to 
either side of said coil. 
10 8. A pickup of the type adapted tobe moved 
along a line longitudinally of the surface of a rail 
for the detection of flaws therein, said pickup 
including a coil formed about an axis normal to 
the surface of the rail with an oPening in the 
15 center of the cofl, said coil being wound with 
the mean width between the sides of the coil 
windings as measured parallel to the line of move- 
ment being not substantially greater than % of 
an inch and not less than % of an inch, and a 
20 pair of inverted U-shaped cotes, one leg of each 
of said cotes being received within said opening 
and with the other leg of each of said cotes be- 
ing adjacent to either side of said coil, the two 
legs of said cotes within said opening being 
25 spaced from each other. 
9. A pickup of the type adapted tobe moved 
along a line longitudinally of the surface of a 
rail for the detection of flaws therein, said pick- 
up includini a coil formed about an axis normal 
30 to the surface of the rail with an opening in the 
center of the coil, said coil being wound with the 
mean width between the sides of-the coil wind- 
ings as measured parallel to the line of movement 
beini substantially  of an inch, and a pair of 
35 inverted D-shaped cotes, one leg of each of said 
cotes being received within said openings and 
with the other leg of each of said cotes being 
adjacent to either side of said cofl. 
10. A pickup of the type adapted tobe moved 
40 along a line longitudinaHy of the surface of a 
rail for the detection of flaws therein, said pickup 
includini a coil formed about an axis normal fo 
the surface of the rail with an opening in the 
center of the cofl, said coil being wound with the 
'5 mean width between the sides of the coil wind- 
ings as measured parallel to the line of move- 
ment being substantially  of an inch, and a 
pair of inverted U-shaped cotes, one leg of each 
of said cotes being received within said opening 
5o and with the other leg of each of said cores being 
adjacent to either side of sald cofl, the two legs 
of said cotes within said oPening being spaced 
from each other. 
11. A pickup of the type adapted tobe moved 
55 along a line longitudinally of the surface of a 
rail for the detection of flaws therein, said pick- 
up inclu.ding a coil formed about an axis normal 
to the surface of the rail with an opening in the 
center of the coil, and an inverted U-shaped 
60 cote having a high permeability, one leg of said 
cote being received within said opening, the total 
length of said pickup as measured parallel to said 
line of movement being less than one inch. 
12. A pickup of the type adapted tobe moved 
65 along a line longitudinally of the surface of a 
rail for the detection of flaws-therein, said pick- 
ui includini a coil formed about an axis normal 
to the surface of the railwith an opening in-the 
center of the coil, and_ an inverted D-shaped 
70 cote having a high permeability, one-leg of said 
cote being received within said .opening, said 
pickup being.so constructed and arranged that a 
 maximum voltage output is produced when the 
pick-up traverses magnetic flelds characterized 
;oE by having th e points ofmaximum concentration 
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of flux spaced substantially -% of an lnch apart 
longitudinally of the raff. 
13. A ptckup of the tYpe adapted fo be moved 
along a line longitudinally of the surface of a 
rail for the detection of flaws therein, said pick- 
up including acoil member f0rmed about an axis 
normal to the surface of the rail with an opening 
in the center of the coil having two sides thereof 
..substantially normal to satd line of movement, 
and a U-shaped core member, the two opposite 
stdes of which project downwardly toward the 
upper face of said raff with one of satd stdes be- 
ing postttoned within said coil member opening, 
the mean width between the sides of one of satd 
members as measured parallel to said line of 
movement being substantially  of an inch, and 

10 
the mean width between the sides of the other of 
said members as measured parallel fo said line 
of movement being substantially  of an inch. 
.. JOHN C. DIONNE. 
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